Abstract. This paper proposed a high efficiency solar-battery charge controller as an alternative to that controller which is used in most conventional residential solar system , the concept of the proposed controller circuit based on using the off state energy duration of the overcharge current in a separate path, this energy delivers to auxiliary battery or direct load, such as fans, used to cool or ventilate the system components and consequently improving system performance, where the overcharge current refer to that current available stand by when the battery fully charged or reached its maximum charge voltage. It is avoided here that power losses coming from the main switching component and complexity of the conventional controller, this will leads to new electronic circuit with low losses as a compared with the conventional charge controller to be a part of the integrated and automated building solar system, the design has an algorithm based on some environment parameters like sun Irradiance and weather temperature, this algorithm seems to be inversely calculated because its start from the value of full charge battery voltage, the practical results shows the improvements if compared with other methods. A Simulink Matlab simulator is attempted in the simulation phase of this research as well as an experimental data has been collected to verify the circuit function and energy saving goal.
Introduction
When the heat losses sense is adopted for some solar systems and power conversion components in residential building application, it is benefit to use those losses that are consequently acts inversely on system efficiency, as a useful energy to modify the performance of that system instead of dissipated. In terms of efficiency of solar-battery charge controller, power dissipation is always associated with every power component and the losses would be either result from switching and conducting components or from the OFF state of the main switching parts.
This work aims to find high efficiency solar-battery charge controller as an alternative to the conventional MPPT one. Three main approaches for optimizing the power extraction in most solar systems, the sun tracking system, and maximum power point tracking (MPPT) or both which is based on economical reasons.
Algorithms and techniques have been designed and developed to present optimized PV power [1] - [9] . Enslin utilized integrated MPPT with soft switching to obtain the optimum efficiency [1] , while Hiyama used a neural network to evaluate MPP operating conditions [2] and [3] . A control of photovoltaic characteristics had been developed by some researchers to match load conditions [4]- [6] . Online MPPT algorithm adopted by some systems to obtain the MPP [7] - [10] . An MPPT method often used is the perturbation and observation method [8] , [9] , because the method is easy to put into operation. However, oscillation is unavoidable. In [10] , incremental conductance method is proposed to avoid the oscillation which is coming from comparing the incremental and instantaneous conductance of the solar array, but more complexity had been implemented in the circuit.
The main difference between the method used in the proposed SolarBattery controller and other procedures used in the past, is that solar PV array output power is used directly through a bypass MOSFET to charge the battery bank when the voltage of the battery bank at lower level from its maximum value, while switching on another path when the batteries reaches its full charge value through another MOSFET to transfer this surplus power to what is called as an Auxiliary load ,fans or auxiliary battery used for system ventilation or solar tracking to reduce the ambient temperature for the system components as shown in Fig.1 . The two MOSFET's are controlled by the main microcontroller of the solar system with suitable addition of hysteresis to avoid the high frequency switching, so adding more improvements on system performance, this would reduce the complexity of the system on one hand and produce a competitive or alternative low cost circuit as compared with, the MPPT and converter controller.
Project Methodology
A sequence of steps have been carried out in this paper to achieve the goal, it can be briefly described as a flowchart shown in Fig. 2 .
This work is a project portion of that in which an automated solar system uses a completely DC load matching technique with optimization for system, so the assumptions of some parameters such as; or . Are based on previous components evaluation, the proposed circuit can be shown as a part of a smart automated solar system in Fig. 3 .
The full charge battery voltage taken to beV . = 162V, which is equivalent to the maximum appliances DC operation voltage.
Based on the application, geographic location and system components operation conditions, specification of variation range has been implemented for the irradiance values and environment temperatures.
VP curves algorithm is curried out for the solar panel array of this particular load voltage which produced the required curves that shown in Fig.4 . The algorithm process proposed in this paper and would be illustrated in the next paragraphs. This model is known to have better accuracy, especially at low irradiance levels. As a result, its application allows for a more accurate prediction of PV system performance especially during partial shading conditions. 
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Simulation of the PV array and Cut-off point
As mentioned above, Vbmax = Vload, which is assigned here as (162)V, the power cut-off point for our system has been found as follows : Figure 6 , shows the solar cells arrays evaluation algorithm to find the cut-off region, point, to be attempted in the design of the cut-off circuit that illustrated in fig.4 . Fig. 1 , together with the software algorithm, we can find out the value of the cut-off point which controls the charging current between the solar array and battery bank.
Referring to
The algorithm analyses the parameter and gets the peak value of the VP curve at the maximum temperature and minimum irradiance, the voltage at that peak power point should be taken to be equal to battery voltage at full charge Referring to Referring to Fig. 6 , it is found that the peak point of the power, which is at maximum environment temperature and less sun irradiance, is 162.7V which is apposite to 913 watt of power. Although that the peak value of the power is about 936 watt at 0.85KW/m² irradiance, the cut-off circuit is more efficient, because it utilizes the over power voltage, which is generated mostly at high temperature, to energize cooling fans of auxiliary load. It is consider being more reliable because the electronic switching component of the circuit is working only after this region to change the direction of the charging current towards the auxiliary system load. This work proposed a MOSFET transistor switching circuit that satisfy the use of all possible power of the solar panels without components complexity. As mentioned earlier has been taken to be the voltage at maximum power and to be at maximum mean temperature and minimum mean irradiance , in this case at 50C temp. and 600 W/m².
After the Cut-off region, the difference, like (936-913) is used to energize the auxiliary load of the system, hence; the auxiliary load voltage range between 0-Voc, as shown in the MATLAB Simulink simulation in Fig. 7,while Fig. 8 , illustrates the curves of the main output voltages to charge the battery bank with Irradiance variation, and the auxiliary one to supply the system ventilation components or can be used for another purposes.
Practical verifications
Data was collected for AL-Nahda2 in Dubai city for December, 2014 at cloudy day which similar to the usual days in Malaysia. Load data was collected for a 1.28 KW max. solar power, this power was used to energize my own 2 bed room flat. The daily delivered solar power rate drawn with a sampling rate of 10per hour and total delivered daily energy was calculated by the area under the daily delivered solar power rate curve by using trapezoidal method. Figure. 9 , shows the daily solar-battery and solar-Aux. load power rate over the day time, It is clear that only small potion, in green color, which is that power separated by the red line (P _ ) ,only this portion was delivering the ventilation (Aux.) load to cool the system components, it's obviously that this portion of solar energy appears normally at noon time , which is considered a suitable time to cool the system from the sun rise temperature. 
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Summary
This project developed a novel Solar-Battery charger as a part of smart integrated solar residential system, the simulation, algorithm and the experimental results has verified the hypothesis, which is divided in tow aspects, the first is the circuit, which is not new design but in different application, its just using the usual switching MOSFET circuit to switching between the main load (Battery Bank) and auxiliary load ( fans or another Battery), the second is the algorithm, which is a sequence of assumptions based on simple fundamentals using the load DC voltage to be assigned as a full charge batteries voltage and evaluate to get the parameters of the solar need for this design and application, the installation location and the environmental conditions play a large rule in this project to be succeed. The auxiliary branch decreases the switching loss because it controlled by the automation and monitoring system which is in low switching frequency range. This process using the potential extra portion of power to supply some of system components to improve its performance and enhances charging efficiency. All the obtained results under charging lead-acid battery demonstrate the effectiveness of the proposed approach and indicate that the two switch branches in the proposed battery charger are operated at minimum losses.
